27
[2] A better understanding of the range of long-term 28 moisture variability is critical for anticipation of, and adap-29 tation to, projected increases in aridity and drought fre-30 quency in the southwestern US (henceforth referred to as the 31 Southwest) [Overpeck and Udall, 2010] . Many Southwestern 32 high-resolution proxy records show numerous droughts 33 over the past millennium, including droughts far more severe 34 than we have experienced during the historical period [e.g., 35 Woodhouse and Overpeck, 1998; Cook et al., 2004 Cook et al., , 2010 36 Meko et al., 2007] . The medieval interval (ca. A.D. 900 to 37 1400), a period with relatively warm Northern Hemisphere 38 temperatures [e.g., Mann et al., 2008] , has been highlighted 39 as a period in western North America with increased drought 40 severity, duration, and extent [e.g., Stine, 1994; Cook et al., 41 2004 Cook et al., 41 , 2010 Meko et al., 2007; Woodhouse et al., 2010] . 42 Iconic decades-long "megadroughts," including Mono Lake 43 low-stands [Stine, 1994] , the mid-12th century drought 44 associated with dramatic decreases in Colorado River flow 53 53 53 53 53 53 53 53 53 [Meko et al., 2007] , and the "Great Drought" associated with 54 the abandonment of Ancient Pueblo civilization in the 55 Colorado Plateau region [Douglass, 1929] [Holmes, 1983] . Negative exponential detrending was 95 employed to preserve the most low frequency variance while 96 removing biological growth trends and generating standard-97 ized tree-ring indices [Cook, 1985] . To further preserve low 98 frequency climate related variability, only tree-ring series 99 longer than 470 years were included in the final chronology 100 [Cook et al., 1995] . The final composite chronology ( Figure 2) and late summer temperature, which are sometimes impor-142 tant to high elevation tree growth, using PRISM data. Figure S1 in the auxiliary material) [Cook et al., 2008] [Moberg et al., 2005] (black) and [Ljunqvist, 2010] (grey), west Pacific warm-pool sea surface temperature [Oppo et al., 2010] , El Niño frequency [Conroy et al., 2008] , and Northern Iceland SST [Sicre et al., 2008] . Shaded bars are the same as in Figure 2 . 237 [Moberg et al., 2005] shows no anomalous warming dur-238 ing the 2nd century (Figure 3) . A more recent multiproxy 239 Northern Hemisphere temperature reconstruction however, 240 shows a "Roman Warm Period" spanning 1-300 A.D. 241 [Ljungqvist, 2010] (Figure 3) . 249 [10] Although elevated temperatures may have accompa-250 nied this drought, other factors were likely important as well. 251 Sea surface temperature (SST) can have a significant impact 252 on Southwestern hydroclimate through changes in oceanic 253 and atmospheric circulation. Tropical Pacific SST, modulated 254 by the El Niño/Southern Oscillation (ENSO), has an impor-255 tant influence on Southwestern precipitation. The tropical 256 Pacific warm phase (El Niño) is typically associated with 257 increased regional precipitation, whereas the cool phase 258 (La Niña) is typically associated with decreased regional 259 precipitation and drought [e.g., Hoerling and Kumar, 2003; 260 Seager et al., 2005] . Atlantic SST's have a less well under-261 stood, but important correspondence with Southwestern 262 hydroclimate, whereby warm North Atlantic SST's are 263 thought to influence the rainfall and drought severity, most 264 strongly in summer [Hoerling and Kumar, 2003; McCabe 265 et al., 2004; Kushnir et al., 2010] . Medieval megadroughts 266 were likely associated with persistent "La Niña like" condi-267 tions, and warm North Atlantic SST [Seager et al., 2007; 268 Conroy et al., 2009a; Graham et al., 2010] . 269 [11] Again limited records are available to evaluate 270 potential SST influences on 2nd century megadrought. An 271 ocean sediment record reflecting western equatorial Pacific 272 SST shows positive anomalies during both the medieval 273 period and the 2nd century [Oppo et al., 2009] , suggesting 274 that persistent or stronger La Niña-like conditions may have 275 forced both 2nd century and medieval drought. The 2nd 276 century and late medieval period aridity also coincide with 277 intervals of increased El Niño frequency in the eastern trop-278 ical Pacific inferred from changes in grain size in sediment 279 cores from Lake El Junco in the Galapagos Islands 280 [Conroy et al., 2008] . Changes in El Junco grain size are a 281 function of precipitation, which is closely connected in the 282 Galapagos with some types of strong El Niño events, 283 suggesting that strong El Niño events may have punctuated 284 the persistent La Niña-like conditions. An SST record also 285 from Lake El Junco shows La Niña-like background condi-286 tions spanning the medieval period, supporting our interpre-287 tation [Conroy et al., 2009b] . The coincidence of heightened 288 El Niño frequency within a La Niña-like background state 289 corresponds closely to one mode of ENSO variance charac-290 terized by Fedorov and Philander [2000] . On the other 291 hand, the extended period of increased El Niño frequency, 292 as inferred from El Junco, contains two abrupt decreases 293 that correspond fairly well to the two droughts in the early 294 part of the Summitville record (Figure 3 ) supportive of 295 strong La Niña conditions. Dating uncertainty and limited 296 other records make these assessments less than robust, and 297 it is clear that more work is needed to understand the 298 equatorial Pacific conditions that may promote mega- 
